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A B S T R A C T: In As ia, e spe cially So tlth Ea st As ia, which is gr o w ing m o st
rapidly in the w orld, land u s eis changirlg V e ry dr astically. Rapid la nd
us e cha nge s c a use a variety ofserio u s e n vir o n m e ntalis s u e s. Ho w e v e r, w e are
stills uffering fro mserio uslack ofinfo r m atio n andto olstoha ndle anda nalyz eit
forfo rm ulating betterland use man age m e nt s che m e s. To le a nles s o nsin the
past, and to s uppo rt de cisio nforthe futw e, L U C S-ASIA Pr oject s et lユp
s everaltargets s u ch asgeographicdatade v elopm e nt which al1o w u stotra cethe
pastcha nge s arLd their c o n s eqtle n C e S, de v elopm e nt a nd c o upling of
e nvir o n m e ntalsyste m m odels and de v elopm e nt of G IS-ba s ed c o mptlter
te chn ologl e Sforhandling a rn a s s ofgeographic data. To pu rs ue the se ta rgets,
keytechn ologle Sareidentified and developm e ntpr oje cts ar e n o wPr o m oted.
Pr e s e nt statt)s of[hese key te chrLOlogies a nd futu re prospe cts for the
de velopm e ntaredisc us s ed.
1.LandtJs eChanges a ndEn vir on m enti皿 Asia.
･ ･ 一 ･Ba ckgr ollnd of L U C S･ A SI A Project･ -
As ian regio nisgro w i ngr egi o n m o strapidlyin the w o rld･ L andtlS eisals o cha nging Very
dra sticaly. Expansio n ofagn ctltu ral 1a ndresultsin r apid defor e statio n andsoildegradation,
while m aJly Citie s a regro wingas
”
m ega citie s
T'
, attractinglarge rpoptlatio n a nd emittingcarbon
dio xide and otherpollutants.
La ndu s echa nges ca us e avarietyofs erio u s e n vir o n m entalis stle S. Follo wings a re
e x amples ofstlCh impa ctstohtl m ane nviro n皿 ent･
1)Da magestohu m a nheal th;
- w ate rpollutio ndu etofe rtilization and n rba niz ation･
- airpollutio ndtletOtraffic and indu strializatio n･
-to xic che micalsdu etopesticide applic atio n1
2)Thre atsto stlStain able agricultu ral fo odprodu ctio n andrisks of 血mine
- s oil degr adatio n(salimiz ation, er o sio n)
-populatio n e 互Plo sio n
-in cre a s e ofliv e sto ck
-clim aticimpa cts on w ate r r e s o ur c e a vailability
3)T hr e atsto sustainablebio m as s e n ergy podtlCtion
-degradatio n of fo re stbio m a ss
4)Acceleratio n ofglobalclim ate change s
- emis sion ofc arbo ndio xidedu etode c r e a sein e n e rgyc onsu mption effic ency,
and defore station(Ho ughton et･al･1983)
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- e missio n of m etha n edueto w a stepro ceslng, Paddyfield de v elopm e nt and
liv e sto ckin crea s e
T hese ar e e x ample s ofe71viro n n ental impa cts丘o mla nd us ech ange s･ On the otherhand,
impa cts a ndda m age s m aybe e nhaJIC edu nders o m e specificlandtlS ePatte m SI Co n c e ntr atio n of
population and econo mic a ctivite sinlo wBatlandsin c o astalr eg1 0nS m ayIn cre a s eV uhe r ability
to s ealev elris e.
LandI)seis o ne of m ajorhterfa c e sbetw e e n s ocio
- ec onomic system s and local/glob al
e nviro nm entalsyste m s. In o rderto cqntr ola nd mitigate e n vir o n m e ntal impa ctsfr o mlandtlS e
a ctivitie s, m ore adv aTIC ed landllS e ma nage m e ntS Che m e shavetobefo rmulatedandimplem e nted
t Fge ntly. Better m anagem e nt oflandtlS eis veryl npOT[antdu eto thefollow lngre aS OnS･
1)Impa ctsdu etofailure ofla ndu se m anage m e nthkelythr e ate ntheba sis ofcomin u o u s
h m 皿habitation su ch a s stablefo odpr oductio n and drink ingw ater s upply.
2)La ndu s ec anbe adim e n sion which allow ustoharm oniz e environ m e ntalpolicies at
I lo c aVn ational levela ndglobal 1e v el,be c atlS elandtlSe at natio nal /regio nal1e v el islarge
e n o ughto affe ctglobale n vir o nJn e ntalsyste m s aJld at the sam etim e s male n otlghtobe
dire cted by nation al developm e ntplan 111ng andlandpolicie s.
2. O bje ctives- ･ ･ ･Ap pr o a ch ofL tJC S･ A SIA
Ho w e v e r, w e a r e stillstlffering&o m s erio u sla ck ofinfo rm atio n andto olstohandle and
a n alyz eitfo rfo rmtl atingbette rla nd u se m an age m e ntsche m e s. Tole a rn1e s s o n sinthepast, and
to supportde cision fo rtheftltu re,follo wl ng Objectiv es ∈此 S etuPfo rthis L U CS- A SIA Pr oje ct.
･T hepr oje ct will bedriv e nby a coregr otlp Ofuniv ersitie sinJapan u nderthe c o oper atio n
withrese a rchin stitute s^ miv ersities aJldgo v er n mentalo rgamizatio n sinS E As ian c otlnrie s･
1)G IS databasedev elopm ent:
Itha spa ss ed m oretha n20ye a rs sin ceL ands ats atellite w aslau n ched forland obs ervatio n.
Usingr e m ote s e n singdata, especiallyhighfe S Olutio n re mote s e n singdata, tim e-s erie s ofla nd
tlS e/land co verdatainthepa st20ye ars arede v eloped. Theland u s e乃andc o v erdatas et wi ll be
developed withclo s e c o o rdin atio nwithLa nds atPath 血derProje ct a nd As ialkm LandCove r
DataPr oje ctchaired byProf･T A T EIS HI, C E ReS, C hibaUniv e rsity. InLUC S- ASIA,in additon
tola ndc over/land us edataba s e, m ore c o mpr ehensiv eGIS database s will bede v eloped in cluding
environ me ntalre s o urc edata, ba sicge ographicdata s u ch asdigitalele v atio ndata, aJlds o cio-
e c o n omicdatas ucha spopulatio nalldagriculturalpr odtlCtiondata. T he se will beintegratedto
de s cribethedyn amic s ofla ndq se/e n vir on m e nur es 00rc e changesin As ian reglO n･
2)Model de v elopm ent and coupling
To u nde rsta ndandsim ulatedyn a mics oflaJldu se change s andtheir cons equ enc e s, w ehave
todevelop m odels ofland u s e changes, w ate rcycle s(tobe apart ofclim ate syste m),
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bioge o chemicalcycle s･ La nd us e change m odelsis a majo rd也vingforc e oflandu s e/
envir on m eJltdyn amic s･ T hereha v ebe e n s e v eraln atio n al-le v elsttldie s o nlandqs e change s.
Ho we ve rm anyOfexisting m odels stlCh as(Matst10ka et. al. 1994,Iv er s o n,L.R. et.al.(193)etc.
are n otv erysuc c e s sfulin repre s e ntlng m e Chanis m s oflandu se changes,be cau sethos e m odels
arebas ed o n e mpiricalrelations ofm a cro s c opIC nationalstadsticssuchas n atio nalpopulation
densitya nd fore st are ape r ce ntage･ M ore m echanistic m odels m aking氏11u se ofge ographic
inforTn ation arekee nlyn eeded for more realistic simtl atio n s andstlPPOrting policy-fo rm ulatio rL.
For m o redetailed arLdrn e ch anisticde scription of m ajor actorsin w ater and bioge o chemical
cycles, w e mayn e edtode v elop v ege tatio n m odel andsoilm odels epar ately. Vegetatio n a nds oil
m odels wi l1 link w ater cycle and bioge o che micalcycles･ Soilm odelis als oimporta ntin
de scribing possible soildegr adation a nd theirimpa cts on agric ulturalprodu ctivity.
De v elopm ent, c o upling and vis ualiz atio n ofthedyn a mic m odels willbe stlPPOr(ed byG IS
withe nhan c edc apabilitie sfortempo raldata m anage m e nt andintegr atio n.
3)De v elopm entofa c omputer e n viron m ent - DistributedverylargeG IS da土abas es -
Huge a m otln Ofdatahavetobe sto r ed amdpro c e s s edtoha ndle a nda n alyze rem ote s e n si ng
im age s s u ch asLa nds atim age s. F6r exa mple, appr o xim ately600Lands ats c e n e s wil ha v etobe
pro ces s ed, m o saic eda ndcla ssi 鮎dto ge n e r ate201ye artim e-s erieslandtlS e^ andc overdatafor
SE As ia･ Verylarge GIS databa s e s willbede veloped and distributedaJ n O ngre s e ar ch membe r
organiz atio n s a s ainform ationinfrasttlCtu r e. Atthe sam etim e,de v elopm e ntbfn ational
databa s e sin eachSE Asian co untry m e mbers c a nalsobe e n c our aged bysharingexperielC eS and
howiedgeforde v eloping veryla rge G IS.
4)Exchange s a ndshadng kn o wledge anddatabas e sforpr o m otingbetter m a n age m e ntof
e n vir o n m e ntalr eso Ⅶ･c e s
T he G IS databas e s a nd kn owledge will be e xchanged a nd shar ed am o ngpr oject m embe rs
duringtheprojectfo rbete r m a n age m e nts che m e s ofland u s e a nde n vir o n m e ntalr e s o u rc e. h
additio n
,
info rm atio n on thepre s e nta ndfutur e(po ssible)stattlS Ofe n viro n m e nt andr e s o urc e sin
S EAs ia will bedistributed a nd vistlalized forstlPPOrting policyfo rn ulatio n, calling public
attentio n sto e nvir o n m e ntal iss u e s a nde v enfor environ m e ntaleduc atio nthr oughn etw o rk.
Figu re.1s che m aticalyshowsthetargets ofL U C S- ASIApr oje ct. Figtlr e.2 s u mm ariz e s
e x ample sofr e s e a rchs ubjects of theproject.
3･ KeyTedlnOlogies - Pr o spe cts of de v elopm e nt a ndpr e s e ntstatu s
Keyte chn ologie sinthefirststage oftheprojectareide nti丘ed, a ndpr e s entstatu s/future
pr o spe cts ofthedeveloprnenta re s u m m ariz ed.
3L1 De v elopm e ntoftim e-s erieslandus e andlandc o v erdatas ets
Todev eloptim e -s erieslanduse and landc o v e rdata s ets, alarge n tlmbers of highre s olutio n
datahavetobege o-co°ed(m o saiced)and la ndu s ena nd c over changeshavetobe e xtr a cted
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stablya ndreliably･
To a uto m atege o- c oding pro c es s,te ch miqu e s ofe xtra ctio n a nd m atchingofc o n]tlgaLte
points andgro u nd co ntrolpolntSha v eto bede veloped･ Fo r c o nltlgatePOints･ c o m m o nfe ature
pointsha v etobe e xtr acted and m atched betw e e n neighboringim ages, whileforgrotmdc o ntrol
points c o m onfe aturepouts a re tobeide ntified betw ee ndigitalm apdata such asD igital C har[
ofthe Wo rld(D C W)and re m ote s ensingim age s･ Sele ction ofinte restoperatorfor extracting
fe aturepolntS and developm e nt ofa reliable m atching pro c edu r e andr obu ste rr or adju stm e nt
m ethodove r emire c o njugatedsce n esar em ajorr e s e a rchtopic s.
Forreliabledete ctio n of la ndu s enandco v e r cha ngesthrotlghclas sific atio n oftim e-s erie s
L ands atim ages, fluctu atio nindete cting cha ngesdu etoindepe nde ntcla ssiBc atio n e rro rsin e ach
tim e-slic eim ageha v etobe eli minated. Tode cre a s ethefhcttlado n s and e v en toimprove
cla s si丘c atio n efBciency, super vis edcla s si且c atio n withc or n m o ntrainingdata and c o rr e cted
im agedata wi llbete sted. Andto c o mple m e ntclo udc o v e r and in s uffic entfrequerLCy Of
obs ervatio n, re m ote sensingI mages S uch a sNO A A A V H R R im age s withc o ar s e r re s olution a nd
higher observatio nfreque n cy will be overlaidwithahierar chicalstru cture･
Fortmining/refer e n c edata andvalida o ndata, existing pape r m aps st)chastopo - m a[ps aJld
land u se m aps a re no wbeingc ollected anddigi也zed. h paralle , databa s e ofgrotlndphoto sis
beingde v eloped by usingG PSc am era. WithG P Sca m era, gr o undc o ordinate v叫1e S a nda
vie winga ngle c a nbe r e c ordedtogetherwi thpictur e s, which c a nbe s c 皿 n edtode v elop agro t)nd
pictur edatabas e.
3.2 Verylarge GIS databa s edevelopm ent
Sin c ethetotalsiz e ofr e m ot占se nsingl m ageS and otherge ogr aphicdata willexc e edse v eral
te nte rr abyte,Jutebo x of81n mtapes a ndDltapesis used. Toimpr o v岳the perfor m a n c e of
database drasticaly,database archite ctu r eis lュnderde v elopr nentba s ed onparal le pr o ces sing.
Jukebox e s, thotlgh the c apacitylSVerylarge, ar e notv e ry quick in re c ording andr e adingdata
co mpared with hard disks. Hie rar chicalstru ctur e wher everylarge r a wdatais stored with Juke
bo x e s while aggregateddata such asquick-lo ok im age swhich m aybe u s ed 皿 Ore Often ar e sto red
indisk-a rraysyste m. Im ages and digitalm aps aredividedinto sITla ltile s a ndstoredtilebyti1e
(partialmigr atio n)be c a u se u s erustlalydo n otneedto u s e a whole s ce n e･ An da s s o o n a s au er
m ake an a c c e ssto aqtlick-lo ok im age, the syste m startstr an sfemingoriginal im agedata fro mthe
Jtlkebo xtothediska rr ay,bec atlSe the u s e rwi ll ikely m ake a nla c c e sstOthe originalim agein
the ne xtstep. To e丘 cientlydistri butedata,thedataba seis n ow po nnected wi tha veryhigh
capa cityn etw o rk(m a x.152 Mbs)c olln e Ctinguniv ersityr es e archers(Fig13)I
313Developm e nt and couplingof dyn a mic m odels
Major m odelsdes cribingba sic cycle sinterr e striale c o syte m ar e w ater(hydrologic al)cycle
m odels a nd bioge o che micalcycle m odels. Todescribe c o upling effe ctofw ater and
biogeoche micalcycle s, w e will develop vegetation m odels ands oilm odels. In this stage, w e
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applye xistingregio nalscale
m odels oftho s ecycle s, such
as M IK ESI{Eto che ckthe
beha vio r andtestthe whole
stnlCttlre Ofthe syste m･
Developm entof bothrnodels
anddatabas ese spe ciallyof
hydr ological data wi ll be
c o ndtlCtedtlnder clo s e
c oo rdinatio ntvith G A M E
(Ge wex Asia M ons o o n
Experim ent)pr oject･
Especial1yto s uppo rt
the c otlPlingof dyn amic
m odels‾with differe nt
te mporalsteps(re s olutio n)
andspatialresolution s,
spatio-te mpo r al
interpohtions and
aggregatio n/disaggr egatio n
te chniqtl eShavetobe
imple m e ntedas a o n e ofvery
ba sic fun ctio n s ofGIS.In
Disk Amay
FileSe r v er
8m m TapeJukeBox
Fig13 Configuratio nof Experl me ntal Syste m
forVeryLarge GIS Datal) ase (Ne m o toet･al, 195)
sim ulation ofIn Odels, paralle pr o c e ssingc anals obe v ery efectiv e, be c atlS egri ds s ofar apart
丘o m e a chothe rsm ayha v e o nlyn egligibleintera ction s･
4. Futu r ePr o spe cts
L U C S- A SIApr ojectha sjuststa rted de v elopingGIS databa s e sto c overSE As ia witha5
ye ars c ope/Re c ognizing v e ry pr essing ne edtobetter m an喝 e m e nts che me s ofe nviro n m e ntal
re s o ur ce sinthe r egion s sl rr OundingS E Asia, w e willalso e n c o urage a ndsupportdev eloplng
GISdatabas e sin othe r c otlntde s. The s eG IS databas ede v elopm e nt atthe n atio n alle v el wi ll
m aketr e m endous c ontributio n sih thelo ngte rm tofo rm ulatebette rn ationaldevelop m e nt/
e nvir o n m e ntalpolicie sfo rcontinu otlShu m a nhabitatio n.
Bylinkingthe s enational datd)ase s, r egionalenviron m ental iss u e sc anbe addre s s ed, which
wi ll ha v ein cre a singl mpO rtan C einthe n e xtde c adedu eto r apidly grow lng e co n o mybeyond
national borders aJldit
l
simpa ct toht) m a n e nvir o n m e nt. Regional- s c ale mitigatio n of
e n viron m e ntalimpa cts a ndde v elopm e nto nthe s ustainablebasis willals o m ake signi丘c a nt
c o ntribution toglobalen viron m e ntal is s u e sbec a u s e m o r ethan o n ethirds ofglobalpopulatio n
are n ow c once ntrated andstillrapidlyincr e a singil this regi o n.
W ebelie v eL U C S- A SIApro]ect wi 11m ake signific antc o ntri bution toharm oniz atio n of
-204 =
1o calsolutio nwithglob als oltltionto e n viro nm ental/de velopm e ntis s u es.
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